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We calculate the ρ meson couplings between the heavy hybrid doublets Hh/Sh/Mh/T h and the
ordinary qQ¯ doublets in the framework of the light-cone QCD sum rule. The sum rules obtained
rely mildly on the Borel parameters in their working regions. The resulting coupling constants are
rather small in most cases.
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I. INTRODUCTION
Hadron states that do not fit into the constituent quark model have been studied widely in the past several decades.
In recent years, the discovery of a number of unexpected exotic resonances such as the so called XYZ mesons has
revitalized the research of the existence of unconventional hadron states and their nature.
Theoretically, Quantum Chromodynamics (QCD), the fundamental theory of the strong interaction, may allow a
far richer spectrum than the conventional quark model. Fox example, hybrids (qq¯g, · · · ), glueballs (gg, ggg, · · · ), and
multi-quark states (qqq¯q¯, qqqqq¯, · · · ) may not be prohibited by QCD. Those with JPC = 0−−, 0+−, 1−+, 2+−, · · ·
are called “exotic” states. They have attracted much interest because they are not allowed by the constituent quark
model and do not mix with the ordinary mesons.
Evidence of exotic mesons with JPC = 1−+, e.g. π1(1400) [1], π1(1600) [2], have emerged in the last few years.
They are usually considered as candidates of hybrid mesons and have been studied extensively in various frameworks
such as QCD sum rules, lattice QCD, AdS/QCD, the flux tube model, etc. The masses and decay properties of the
1−+ states have been studied in the framework of QCD sum rules [3, 4].
Based on the accumulated evidence of these light hybrid mesons, it is plausible to assume the existence of heavy
quarkonium hybrids (QQ¯g) and heavy hybrid mesons containing one heavy quark (qQ¯g) which may be not exotic.
Govaerts et al. have studied these states in several works [5]. In [6], the masses of QQ¯g were calculated at the leading
order of heavy quark effective theory (HQET) [7]. In [8], the masses of qQ¯g and their pionic couplings to ordinary
heavy mesons were calculated.
In the heavy quark limit, the binding energy and the pionic couplings of qQ¯g to qQ¯ were worked out in [9] by
Shifman-Vainshtein-Zakharov (SVZ) sum rules [10]. HQET describes the large mass (mQ) asymptotics. At the
leading order of this theory, the Lagrangian is endowed with the heavy quark flavor-spin symmetry, and the spectrum
of qQ¯ consists of degenerate doublets. The components of a doublet share the same jl, the angular momentum of the
light degrees of freedom. For example, we denote the doublet (0−, 1−) as H , which consists of two jl =
1
2 S-wave qQ¯.
Similarly, the P -wave doublets (0+, 1+)/(1+, 2+) are denoted as S/T and the D-wave doublets (1−, 2−)/(2−, 3−) as
M/N . We denote the two jl =
1
2 qQ¯g doublets with parity P = + and P = − as Sh and Hh, respectively. Similarly,
we use T h and Mh to denote the two jl =
3
2 doublets with positive parity and negative parity, respectively.
In this work, we adopt the light-cone QCD sum rules (LCQSR) approach [11] to investigate the ρ meson couplings
between qQ¯g and qQ¯. We derive the sum rules for the ρmeson couplings between doubletsDh andD (D = H/S/T/M)
in Sec. 2. The numerical analysis is given in Sec. 3, followed by a brief conclusion in Sec. 4. The details of the partial
amplitudes of these ρ decay channels are presented in Appendix A. The light-cone wave functions of the ρ meson
involved in our calculation are listed in Appendix B.
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2II. ρ MESON COUPLINGS
The interpolating currents for Hh and Mh adopted in our calculation can be written as
J†
Hh
0
=
√
1
2
h¯vigsγ5σt ·Gq ,
J†α
Hh
1
=
√
1
2
h¯vigsγ
α
t σt ·Gq ,
J†α
Mh
1
= h¯vgs
[
3Gαβt γβ + iγ
α
t σt ·G
]
q ,
J†α1α2
Mh
2
=
√
3
2
h¯vgsγ5
[
Gα1βt γβγ
α2
t +G
α2β
t γβγ
α1
t −
2
3
igα1α2t σt ·G
]
q , (1)
where Gαβ = G
n
αβλ
n/2 and hv(x) = e
imQv·x 1+/v
2 Q(x). The subscript t means that the corresponding Lorentz tensor
is perpendicular to v, the 4-velocity of the heavy quark. gαβt = g
αβ − vαvβ . For any asymmetric tensor Aα1α2···αn ,
we may define
Aα1α2···αnt = Aα1α2···αn −
n∑
i=1
(Aα1···αi−1ααi+1···αnvα)vαi . (2)
We define the overlapping amplitudes between the these interpolating currents and the corresponding hybrids as
〈0|JHh
0
(0)|Hh0 (v)〉 = fHh
0
,
〈0|JαHh
1
(0)|Hh1 (v, λ)〉 = fHh
1
ηαHh
1
(v, λ) ,
〈0|JαMh
1
(0)|Mh1 (v, λ)〉 = fMh1 η
α
Mh
1
(v, λ) ,
〈0|Jα1α2
Mh
2
(0)|Mh2 (v, λ)〉 = fMh
2
ηα1α2
Mh
2
(v, λ) , (3)
where η(v, λ) denotes the polarization of the heavy hybrid. These symmetric traceless tensors are perpendicular to
v, namely ηαα2···αnv
α = 0.
We obtain the interpolating currents for the doublets Sh and T h by simply inserting γ5 into the currents in Eq. (1):
J†
Sh
0
=
√
1
2
h¯vigsσt ·Gq ,
J†α
Sh
1
=
√
1
2
h¯vigsγ5γ
α
t σt ·Gq ,
J†α
Th
1
= h¯vgsγ5
[
3Gαβt γβ + iγ
α
t σt ·G
]
q ,
J†α1α2
Th
2
=
√
3
2
h¯vgs
[
Gα1βt γβγ
α2
t +G
α2β
t γβγ
α1
t −
2
3
igα1α2t σt ·G
]
q . (4)
The corresponding overlapping amplitudes and projection operators can be defined similarly to Eq. (3).
The interpolating currents for qQ¯ doublets H and S read:
J†H0 =
√
1
2
h¯vγ5q ,
J†αH1 =
√
1
2
h¯vγ
α
t q ,
J†S0 =
√
1
2
h¯vq ,
J†αS1 =
√
1
2
h¯vγ
α
t γ5q . (5)
3The amplitudes between the ordinary heavy mesons and the states created by these currents acting on the vacuum
state are
〈0|JH0(0)|H0(v)〉 = fH0 ,
〈0|JαH1(0)|H1(v, λ)〉 = fH1ǫαH1(v, λ) ,
〈0|JS0(0)|S0(v)〉 = fS0 ,
〈0|JαS1(0)|S1(v, λ)〉 = fS1ǫαS1(v, λ) . (6)
Here we outline the deduction of the sum rules for gp0
Hh
1
H1ρ
and gp1
Hh
1
H1ρ
, where p is the orbital angular momentum
of the ρ meson, the superscript ‘0’ and ‘1’ are the total angular momentum of the ρ meson. We define gp0
Hh
1
H1ρ
and
gp1
Hh
1
H1ρ
in term of the decay amplitude of the process Hh1 → H1 + ρ:
M(Hh1 → H1 + ρ) = I
[
(e∗ · ηt)(ǫ∗ · qt)− (e∗ · ǫ∗t )(η · qt)
]
gp1
Hh
1
H1ρ
+ I(e∗ · qt)(ǫ∗ · ηt)gp0Hh
1
H1ρ
, (7)
where η, ǫ∗ and e∗ are the polarization of Hh1 , H1 and ρ, respectively, and q denotes the momentum of the ρ. For the
charged ρ meson, I = 1, and I = 1/
√
2 if the final ρ meson is neutral.
We consider the following correlation function:
i
∫
dx e−ik·x〈ρ(q)|JβH1 (0)J
†α
Hh
1
(x)|0〉 = I
[
eαt q
β
t − qαt eβt
]
Gp1
Hh
1
H1ρ
(ω, ω′) + Igαβt (e · qt)Gp0Hh
1
H1ρ
(ω, ω′) , (8)
where ω = 2k · v and ω′ = 2(k − q) · v, and we have the following dispersion relation
Gp1
Hh
1
H1ρ
(ω, ω′) =
∫ ∞
0
ds1
∫ ∞
0
ds2
ρp1
Hh
1
H1ρ
(s1, s2)
(s1 − ω − iǫ)(s2 − ω′ − iǫ) +
∫ ∞
0
ds1
ρp11 (s1)
s1 − ω − iǫ +
∫ ∞
0
ds2
ρp12 (s2)
s2 − ω′ − iǫ + · · · , (9)
with
ρp1
Hh
1
H1ρ
(s1, s2) = fHhfHg
p1
Hh
1
H1ρ
δ(s1 − 2ΛHh)δ(s2 − 2ΛH) + · · · . (10)
The case of Gp0
Hh
1
H1ρ
(ω, ω′) is similar. Gp1
Hh
1
H1ρ
(ω, ω′) can be worked out by OPE near the light-cone when ω, ω′ ≪ 0,
and be formulated with the ρ meson light-cone wave functions
Gp0
Hh
1
H1ρ
(ω, ω′) = −1
4
∫ ∞
0
dt
∫
Dα eit( u¯2 ω+u2 ω′) m
2
(q · v)3[
−2fρm3Ψ˜(α)− 2fTρ m2T (α)(q · v) + fρm[6Φ˜(α) + 2Ψ˜(α) +A(α)](q · v)2
+2fTρ [T (α) + 2T1(α) + 2T2(α)](q · v)3
]
,
Gp1
Hh
1
H1ρ
(ω, ω′) =
1
4
∫ ∞
0
dt
∫
Dα eit( u¯2 ω+u2 ω′) m
q · v[
fρm
2[V(α) +A(α)]− 2fTρ m[T1(α)− T2(α) + S(α)](q · v)− 2fρ[V(α) +A(α)](q · v)2
]
. (11)
in which u ≡ α2 + α3 and u¯ ≡ 1− u.
The double Borel transformation BT1ω BT2ω′ eliminates the terms on the right side of Eq. (9), except the first one
which is a double dispersion relation. Now we arrive at
fHhfHg
p0
Hh
1
H1ρ
e−2u¯0ΛHh/T−2u0ΛH/T
= m2ρ
{
−1
2
fρm
3
ρΨ˜
{−3} − 1
2
fTρ m
2
ρT {−2} − fρmρ[6Φ˜[−1](u0) + 2Ψ˜[−1](u0) +A[−1](u0)]
+ fTρ [T [0](u0) + 2T [0]1 (u0) + 2T [0]2 (u0)]Tf0(
ω′c
T
)
}
,
4fHhfHg
p1
Hh
1
H1ρ
e−2u¯0ΛHh/T−2u0ΛH/T
= mρ
{
fρm
2
ρ[V [−1](u0) +A[−1](u0)] + fTρ mρ[T [0]1 (u0)− T [0]2 (u0) + S[0](u0)]Tf0(
ω′c
T
)
− 1
2
fρ[V [1](u0) +A[1](u0)]T 2f1(ω
′
c
T
)
}
, (12)
with
T =
T1T2
T1 + T2
, u0 =
T1
T1 + T2
, fn(x) = 1− e−x
n∑
i=0
xi
i!
. (13)
Here we employ functions fn(x) to subtract the contribution of the continuum.
F [αi]s are defined as
F [0](u0) ≡
∫ u0
0
F(u¯0, α2, u0 − α2) dα2 ,
F [1](u0) ≡ F(u¯0, u0, 0)−
∫ u0
0
dα2
∂F(1− α2 − α3, α2, α3)
∂α3
∣∣∣∣
α3=u0−α2
,
F [2](u0) ≡ ∂F(1− α2, α2, 0)
∂α2
∣∣∣∣
α2=u0
+
∂F(u¯0 − α3, u0, α3)
∂α3
∣∣∣∣
α3=0
−
∫ u0
0
dα2
∂2F(1− α2 − α3, α2, α3)
∂α23
∣∣∣∣
α3=u0−α2
,
F [−1](u0) ≡
∫ 1
0
∫ 1−α2
0
F(1− α2 − α3, α2, α3)dα3dα2 −
∫ u0
0
∫ u0−α2
0
F(1− α2 − α3, α2, α3)dα3dα2 ,
F [−2](u0) ≡
∫ 1
0
∫ 1−α2
0
∫ α3
0
F(1− α2 − x, α2, x)dxdα3dα2 −
∫ u0
0
∫ u0−α2
0
∫ α3
0
F(1− α2 − x, α2, x)dxdα3dα2
−u¯0
∫ 1
0
∫ 1−α2
0
F(1− α2 − α3, α2, α3)dα3dα2 . (14)
Using the above mentioned method, we obtain the sum rules of other ρ meson coupling constants as follows. Their
definitions are presented in Appendix A.
fHhfSg
s1
Hh
1
S1ρ
e−2u¯0ΛHh/T−2u0ΛS/T
=
1
6
mρ
{
1
2
fρm
4
ρ[4Φ− 2Φ˜− 2Ψ˜−A]{−2}
+ 4fTρ m
3
ρ[T [−1](u0)− 2T [−1]1 (u0) + 2T [−1]2 (u0)− 2T [−1]4 (u0) + S˜[−1](u0)]
+ fρm
2
ρ[−4V [0](u0)− 4Φ[0](u0) + 2Φ˜[0](u0) + 2Ψ˜[0](u0)− 3A[0](u0)]Tf0(
ω′c
T
)
− fTρ mρ[T [1](u0) + 4T [1]1 (u0) + 2T [1]2 (u0)− 2T [1]4 (u0)− 2S˜[1](u0)]T 2f1(
ω′c
T
)− fρ[V [2](u0) +A[2](u0)]T 3f2(ω
′
c
T
)
}
,
fHhfSg
d1
Hh
1
S1ρ
e−2u¯0ΛHh/T−2u0ΛS/T
=
1
4
mρ
{
fρm
2
ρ[4Φ− 2Φ˜− 2Ψ˜−A]{−2}
+ 8fTρ mρ[T [−1](u0) + T [−1]1 (u0) + 2T [−1]2 (u0) + T [−1]4 (u0) + S˜[−1](u0)] + 4fρ[V [0](u0) +A[0](u0)]Tf0(
ω′c
T
)
}
,
fMhfHg
p1
Mh
1
H1ρ
e−2u¯0ΛMh/T−2u0ΛH/T
=
1
4
√
2
mρ
{
2fρm
2
ρ[A[−1](u0)− 2V [−1](u0)]
− 2fTρ mρ[T [0]2 (u0)− T [0]1 (u0) + 2S[0](u0)]Tf0(
ω′c
T
)− fρ[A[1]2 (u0)− 2V [1](u0)]T 2f1(
ω′c
T
)
}
,
fMhfHg
p2
Mh
1
H1ρ
e−2u¯0ΛMh/T−2u0ΛH/T
= − 3
40
√
2
mρ
{
4fρm
4
ρΨ˜
{−3} − 2fTρ m3ρT {−2} − 4fρm2ρ[A[−1](u0)− 4Ψ˜[−1](u0)]
5+ 4fTρ mρ[T [0](u0) + 5T [0]1 (u0) + 5T [0]2 (u0)]Tf0(
ω′c
T
) + 6fρA[1](u0)T 2f1(ω
′
c
T
)
}
,
fMhfHg
f2
Mh
1
H1ρ
e−2u¯0ΛMh/T−2u0ΛH/T
= − 3
4
√
2
mρ
{
2fρm
2
ρΨ˜
{−3} − fTρ mρT {−2} + 8fρA[−1](u0)
}
,
fMhfSg
s1
Mh
1
S1ρ
e−2u¯0ΛMh/T−2u0ΛS/T
=
1
12
√
2
mρ
{
fρm
4
ρ[2Φ + 2Φ˜ + 2Ψ˜ +A]{−2}
+ 4fTρ m
3
ρ[T [−1](u0)− 2T [−1]1 (u0) + 2T [−1]2 (u0)− 2T [−1]4 (u0)− 2S˜[−1](u0)]
− 2fρm2ρ[2V [0](u0) + 2Φ[0](u0) + 2Φ˜[0](u0) + 2Ψ˜[0](u0)− 3A[0](u0)]Tf0(
ω′c
T
)
− fTρ mρ[T [1](u0) + 4T [1]1 (u0) + 2T [1]2 (u0)− 2T [1]4 (u0) + 4S˜[1](u0)]T 2f1(
ω′c
T
)− fρ[V [2](u0)− 2A[2](u0)]T 3f2(ω
′
c
T
)
}
,
fMhfSg
d1
Mh
1
S1ρ
e−2u¯0ΛMh/T−2u0ΛS/T
= − 1
4
√
2
mρ
{
fρm
2
ρ[2Φ + 2Φ˜ + 2Ψ˜ +A]{−2}
+ 4fTρ mρ[T [−1](u0) + 2T [−1]1 (u0) + 2T [−1]2 (u0) + T [−1]4 (u0)− 2S˜[−1](u0)] + 2fρ[V [0](u0)− 2A[0](u0)]Tf0(
ω′c
T
)
}
,
fMhfSg
d2
Mh
1
S1ρ
e−2u¯0ΛMh/T−2u0ΛS/T
=
3
2
√
2
mρ
{
2fTρ mρ[T [−1]1 (u0) + T [−1]4 (u0)] + fρV [0](u0)Tf0(
ω′c
T
)
}
,
fShfHg
s1
Sh
1
H1ρ
e−2u¯0ΛSh/T−2u0ΛH/T
= −1
6
mρ
{
1
2
fρm
4
ρ[4Φ− 2Φ˜− 2Ψ˜−A]{−2}
− 4fTρ m3ρ[T [−1](u0)− 2T [−1]1 (u0) + 2T [−1]2 (u0)− 2T [−1]4 (u0) + S˜[−1](u0)]
+ fρm
2
ρ[−4V [0](u0)− 4Φ[0](u0) + 2Φ˜[0](u0) + 2Ψ˜[0](u0)− 3A[0](u0)]Tf0(
ω′c
T
)
+ fTρ mρ[T [1](u0) + 4T [1]1 (u0) + 2T [1]2 (u0)− 2T [1]4 (u0)− 2S˜[1](u0)]T 2f1(
ω′c
T
)− fρ[V [2](u0) +A[2](u0)]T 3f2(ω
′
c
T
)
}
,
fShfHg
d1
Sh
1
H1ρ
e−2u¯0ΛSh/T−2u0ΛH/T
= −1
4
mρ
{
fρm
2
ρ[4Φ− 2Φ˜− 2Ψ˜−A]{−2}
− 8fTρ mρ[T [−1](u0) + T [−1]1 (u0) + 2T [−1]2 (u0) + T [−1]4 (u0) + S˜[−1](u0)] + 4fρ[V [0](u0) +A[0](u0)]Tf0(
ω′c
T
)
}
,
fShfSg
p0
Sh
1
S1ρ
e−2u¯0ΛSh/T−2u0ΛS/T
= m2ρ
{
1
2
fρm
3
ρΨ˜
{−3} − 1
2
fTρ m
2
ρT {−2} + fρmρ[6Φ˜[−1](u0) + 2Ψ˜[−1](u0) +A[−1](u0)]
+ fTρ [T [0](u0) + 2T [0]1 (u0) + 2T [0]2 (u0)]Tf0(
ω′c
T
)
}
,
fShfSg
p1
Sh
1
S1ρ
e−2u¯0ΛSh/T−2u0ΛS/T
= −mρ
{
fρm
2
ρ[V [−1](u0) +A[−1](u0)]− fTρ mρ[T [0]1 (u0)− T [0]2 (u0) + S[0](u0)]Tf0(
ω′c
T
)
− 1
2
fρ[V [1](u0) +A[1](u0)]T 2f1(ω
′
c
T
)
}
,
fThfHg
s1
Th
1
H1ρ
e−2u¯0ΛTh/T−2u0ΛH/T
6= − 1
12
√
2
mρ
{
fρm
4
ρ[2Φ + 2Φ˜ + 2Ψ˜ +A]{−2}
− 4fTρ m3ρ[T [−1](u0)− 2T [−1]1 (u0) + 2T [−1]2 (u0)− 2T [−1]4 (u0)− 2S˜[−1](u0)]
− 2fρm2ρ[2V [0](u0) + 2Φ[0](u0) + 2Φ˜[0](u0) + 2Ψ˜[0](u0)− 3A[0](u0)]Tf0(
ω′c
T
)
+ fTρ mρ[T [1](u0) + 4T [1]1 (u0) + 2T [1]2 (u0)− 2T [1]4 (u0) + 4S˜[1](u0)]T 2f1(
ω′c
T
)− fρ[V [2](u0)− 2A[2](u0)]T 3f2(ω
′
c
T
)
}
,
fThfHg
d1
Th
1
H1ρ
e−2u¯0ΛTh/T−2u0ΛH/T
= − 1
4
√
2
mρ
{
fρm
2
ρ[2Φ + 2Φ˜ + 2Ψ˜ +A]{−2}
− 4fTρ mρ[T [−1](u0) + 2T [−1]1 (u0) + 2T [−1]2 (u0) + T [−1]4 (u0)− 2S˜[−1](u0)] + 2fρ[V [0](u0)− 2A[0](u0)]Tf0(
ω′c
T
)
}
,
fThfHg
d2
Th
1
H1ρ
e−2u¯0ΛTh/T−2u0ΛH/T
=
3
2
√
2
mρ
{
2fTρ mρ[T [−1]1 (u0) + T [−1]4 (u0)]− fρV [0](u0)Tf0(
ω′c
T
)
}
,
fThfSg
p1
Th
1
S1ρ
e−2u¯0ΛTh/T−2u0ΛS/T
= − 1
4
√
2
mρ
{
2fρm
2
ρ[A[−1](u0)− 2V [−1](u0)]
+ 2fTρ mρ[T [0]2 (u0)− T [0]1 (u0) + 2S[0](u0)]Tf0(
ω′c
T
)− fρ[A[1]2 (u0)− 2V [1](u0)]T 2f1(
ω′c
T
)
}
,
fThfSg
p2
Th
1
S1ρ
e−2u¯0ΛTh/T−2u0ΛS/T
=
3
40
√
2
mρ
{
4fρm
4
ρΨ˜
{−3} + 2fTρ m
3
ρT {−2} − 4fρm2ρ[A[−1](u0)− 4Ψ˜[−1](u0)]
− 4fTρ mρ[T [0](u0) + 5T [0]1 (u0) + 5T [0]2 (u0)]Tf0(
ω′c
T
) + 6fρA[1](u0)T 2f1(ω
′
c
T
)
}
,
fThfSg
f2
Th
1
S1ρ
e−2u¯0ΛTh/T−2u0ΛS/T
=
3
4
√
2
mρ
{
2fρm
2
ρΨ˜
{−3} − fTρ mρT {−2} + 8fρA[−1](u0)
}
. (15)
III. NUMERICAL ANALYSIS
The parameters in the distribution amplitudes of the ρ meson take their values from [12]. In this work, we take the
values with µ = 1 GeV, realizing that the heavy quark behaves almost as a spectator of the decay processes in our
discussion at the leading order of HQET:
f
‖
ρ [MeV] f⊥ρ [MeV] a
‖
2 a
⊥
2 ζ
‖
3ρ ω˜
‖
3ρ ω
‖
3ρ ω
⊥
3ρ ζ
‖
4 ω˜
‖
4 ζ
⊥
4 ζ˜
⊥
4
216(3) 165(9) 0.15(7) 0.14(6) 0.030(10) −0.09(3) 0.15(5) 0.55(25) 0.07(3) −0.03(1) −0.03(5) −0.08(5)
For the mass sum rules of H and S, the working region of the Borel parameter T is about 0.8 < T < 1.1 GeV [13],
which is in the vicinity of that of the mass sum rules for Dh (D = H/S/M/T ) [9]. So we choose u0 = 1/2 in our
calculation. The continuum contribution can be subtracted cleanly with this choice. Asymmetric choice of u0, on the
other hand, would result in a fuzzy continuum substraction [14].
The binding energy and the overlapping amplitudes of doublets H/S [13] and Hh/Mh, Sh/T h [9] involved in our
numerical analysis are as follows.
The working region of T is determined by the insensitivity of the coupling constant to the variation of T and by the
requirement that the pole contribution should be not less than 40%, We display the sum rules for these ρ couplings
7H S Hh/Mh Sh/T h
Λ [GeV] 0.50 1.15 2.0 2.5
f 0.25 GeV3/2 0.40 GeV3/2 1.1 GeV7/2 1.6 GeV7/2
with ω′c = 2.8, 3.0, 3.2 GeV in Fig. 1.
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FIG. 1: The sum rules for (a) gp0
Hh
1
H1ρ
and (b) gp1
Hh
1
H1ρ
with continuum threshold ω′c = 2.8, 3.0, 3.2 GeV.
The following relations arise naturally in our calculation
gp0
HhHρ
≡ gp0
Hh
1
H1ρ
= −gp0
Hh
0
H0ρ
,
gp1
HhHρ
≡ gp1
Hh
1
H1ρ
= gp1
Hh
1
H0ρ
= gp1
Hh
0
H1ρ
,
gs1HhSρ ≡ gs1Hh
1
S1ρ
= gs1Hh
0
S1ρ
= gs1Hh
1
S0ρ
,
gd1HhSρ ≡ gd1Hh
1
S1ρ
= gd1Hh
0
S1ρ
= gd1Hh
1
S0ρ
,
gp1
MhHρ
≡ gp1
Mh
1
H1ρ
= −1
2
gp1
Mh
1
H0ρ
=
√
6
3
gp1
Mh
2
H1ρ
,
gp2
MhHρ
≡ gp2
Mh
1
H1ρ
=
√
6
2
gp2
Mh
2
H0ρ
= −
√
6gp2
Mh
2
H1ρ
,
gf2
MhHρ
≡ gf2
Mh
1
H1ρ
=
√
6
2
gf2
Mh
2
H0ρ
= −
√
6gf2
Mh
2
H1ρ
,
gs1MhSρ ≡ gs1Mh
1
S1ρ
= −1
2
gs1Mh
1
S0ρ
=
√
6
3
gs1Mh
2
S1ρ
,
gd1MhSρ ≡ gd1Mh
1
S1ρ
=
1
2
gd1Mh
1
S0ρ
= −
√
6
3
gd1Mh
2
S1ρ
,
gd2MhSρ ≡ gd2Mh
1
S1ρ
=
√
6
2
gd2Mh
2
S0ρ
=
√
6gd2Mh
2
S1ρ
,
gs1ShHρ ≡ gs1Sh
1
H1ρ
= −gs1Sh
0
H1ρ
= gs1Sh
1
H0ρ
,
gd1ShHρ ≡ gd1Sh
1
H1ρ
= −gd1Sh
0
H1ρ
= gd1Sh
1
H0ρ
,
gp0
ShSρ
≡ gp0
Sh
1
S1ρ
= gp0
Sh
0
S0ρ
,
gp1
ShSρ
≡ gp1
Sh
1
S1ρ
= gp1
Sh
1
S0ρ
= −gp1
Sh
0
S1ρ
,
gs1ThHρ ≡ gs1Th
1
H1ρ
= −1
2
gs1Th
1
H0ρ
= −
√
6
3
gs1Th
2
H1ρ
,
gd1ThHρ ≡ gd1Th
1
H1ρ
= −1
2
gd1Th
1
H0ρ
= −
√
6
3
gd1Th
2
H1ρ
,
8gd2ThHρ ≡ gd2Th
1
H1ρ
= −
√
6
2
gd2Th
2
H0ρ
= −
√
6gd2Th
2
H1ρ
,
gp1
ThSρ
≡ gp1
Th
1
S1ρ
= −1
2
gp1
Th
1
S0ρ
= −
√
6
3
gp1
Th
2
S1ρ
,
gp2
ThSρ
≡ gp2
Th
1
S1ρ
= −
√
6
2
gp2
Th
2
S0ρ
=
√
6gp2
Th
2
S1ρ
,
gf2
ThSρ
≡ gf2
Th
1
S1ρ
= −
√
6
2
gf2
Th
2
S0ρ
=
√
6gf2
Th
2
S1ρ
. (16)
These simple proportional relations among the obtained couplings result from the heavy quark flavor-spin symmetry.
They also justify our construction of the interpolating currents for heavy hybrid mesons. The spin of the interpolating
currents can be deduced from the symmetry of their Lorentz indices. The P parity can be obtained directly from
the P -transformation property of these currents. The tensor structure of the correlation functions considered above
verifies their JP quantum numbers. For example, if the JP quantum number of J†α
Th
1
= h¯vgsγ5[3G
αβ
t γβ + iγ
α
t σt ·G]q
is not 1+, the tensor structure of the correlation function
i
∫
dx e−ik·x〈ρ(q)|JβH1 (0)J
†α
Th
1
(x)|0〉 (17)
cannot include (only) s1, d1 and d2.
Furthermore, if J†α
Th
1
= J†α
Th
10
+ λJ†α
Sh
10
(λ 6= 0), where J†α
Th
10
and J†α
Sh
10
are pure interpolating currents with jl = 3/2 and
jl = 1/2, respectively, we have
i
∫
dx e−ik·x〈ρ(q)|JβH1 (0)J
†α
Th
10
(x)|0〉 = Iǫαβe∗vGs1Th
10
H1ρ
+ I
[
ǫαβqv(e∗ · qt)− 1
3
ǫαβe
∗vq2t
]
Gd1Th
10
H1ρ
+ I
[
ǫαeqvqβt + ǫ
βeqvqαt )
]
Gd2Th
10
H1ρ
,
i
∫
dx e−ik·x〈ρ(q)|JβH1 (0)J
†α
Sh
10
(x)|0〉 = Iǫαβe∗vGs1Sh
10
H1ρ
+ I
[
ǫαβqv(e∗ · qt)− 1
3
ǫαβe
∗vq2t
]
Gd1Sh
10
H1ρ
,
and
i
∫
dx e−ik·x〈ρ(q)|JH0 (0)J†αTh
10
(x)|0〉 = Ie∗αt Gs1Th
10
H0ρ
+ I
[
qαt (e
∗ · qt)− 1
3
e∗αt q
2
t
]
Gd1Th
10
H0ρ
,
i
∫
dx e−ik·x〈ρ(q)|JH0 (0)J†αSh
10
(x)|0〉 = Ie∗αt Gs1Sh
10
H0ρ
+ I
[
qαt (e
∗ · qt)− 1
3
e∗αt q
2
t
]
Gd1Sh
10
H0ρ
.
Now let us focus on the s1 part. It is straightforward that
Gs1Th
10
H1ρ
= c1G
s1
Th
10
H0ρ
, Gs1Sh
10
H1ρ
= c2G
s1
Sh
10
H0ρ
,
due to the heavy quark flavor-spin symmetry, therefore
Gs1Th
1
H1ρ
= c1G
s1
Th
10
H0ρ
+ λc2G
s1
Sh
10
H0ρ
,
Gs1Th
1
H0ρ
= Gs1Th
10
H0ρ
+ λGs1Sh
10
H0ρ
,
c1 = G
s1
Th
10
H1ρ
/Gs1Th
10
H0ρ
= Gs1Th
1
H1ρ
/Gs1Th
1
H0ρ
= gs1Th
1
H1ρ
/gs1Th
1
H0ρ
,
c2 = G
s1
Sh
10
H1ρ
/Gs1Sh
10
H0ρ
= Gs1Sh
1
H1ρ
/Gs1Sh
1
H0ρ
= gs1Sh
1
H1ρ
/gs1Sh
1
H0ρ
.
When Gs1
Th
1
H1ρ
is proportional to Gs1
Th
1
H0ρ
, we have c1 = c2, namely,
gs1Th
1
H1ρ
/gs1Th
1
H0ρ
= gs1Sh
1
H1ρ
/gs1Sh
1
H0ρ
.
This is inconsistent with the results (see Eq. (16)) we just obtained: gs1
Th
1
H1ρ
/gs1
Th
1
H0ρ
6= gs1
Sh
1
H1ρ
/gs1
Sh
1
H0ρ
. This implies
J†α
Th
1
= J†α
Th
10
. In other words, the interpolating current J†α
Th
1
carries jl = 3/2. The J , P and jl quantum numbers of
other interpolating currents can be verified in a similar way.
The final values of these couplings are listed in Table I. In most channels they are rather small, which may be
attributed to the fading of the gluon degree of freedom in the decay.
9gp0
Hh
1
H1ρ
gp1
Hh
1
H1ρ
gs1
Hh
1
S1ρ
gd1
Hh
1
S1ρ
gp1
Mh
1
H1ρ
gp2
Mh
1
H1ρ
gf2
Mh
1
H1ρ
gs1
Mh
1
S1ρ
gd1
Mh
1
S1ρ
gd2
Mh
1
S1ρ
0.2 0.5 −1.0 0.09 0.12 0.21 −0.12 −0.01 0.02 0.07
gs1
Sh
1
H1ρ
gd1
Sh
1
H1ρ
gp0
Sh
1
S1ρ
gp1
Sh
1
S1ρ
gs1
Th
1
H1ρ
gd1
Th
1
H1ρ
gd2
Th
1
H1ρ
gp1
Th
1
S1ρ
gp2
Th
1
S1ρ
gf2
Th
1
S1ρ
1.4 −0.4 0.14 −0.22 −0.18 0.09 −0.09 −0.02 −0.15 0.06
TABLE I: The absolute values of the coupling constants. The units of the P -, D-wave and F -wave coupling
constants are GeV−1, GeV−2 and GeV−3 respectively.
IV. CONCLUSION
At the heavy quark limit, we have constructed interpolating currents respecting the flavor-spin symmetry for qQ¯g
and qQ¯. With these currents, the ρ meson couplings between qQ¯g and qQ¯ have been worked out by means of LCQSR.
The derived sum rules rely mildly on the Borel parameters in their working regions. The resulting coupling constants
are rather small in most cases.
The main error of our calculation originate from the inaccuracy of LCQSR: truncation of the OPE near the light-
cone, the uncertainty of the parameters in the light-cone wave functions, the dependence of the coupling constant on
the continuum threshold ωc and the Borel parameter in the working region, the uncertainty of the binding energy Λ¯’s
and the overlapping amplitudes f ’s. As far as the charm quark is concerned, the 1/mQ correction may be significant,
while the correction from the finite mass of the bottom quark should be negligible.
We hope that our calculation may be helpful to experimental searches for these heavy hybrid mesons and the
understanding of their strong interaction with conventional heavy mesons. Moreover, the coupling constants calculated
in our work might shed further light on the nature of the XYZ mesons.
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Appendix A: The ρ decay amplitudes of heavy hybrid mesons
The ρ decay amplitudes considered in the text are as follows.
M(Hh0 → H0 + ρ) = I(e∗ · qt)gp0Hh
0
H0ρ
, (A1)
M(Hh0 → H1 + ρ) = Iǫǫ
∗e∗qvgp1
Hh
0
H1ρ
, (A2)
M(Hh1 → H0 + ρ) = Iǫηe
∗qvgp1
Hh
1
H0ρ
, (A3)
M(Hh1 → H1 + ρ) = I(e∗ · qt)(ǫ∗ · ηt)gp0Hh
1
H1ρ
+ I
[
(e∗ · ηt)(ǫ∗ · qt)− (e∗ · ǫ∗t )(η · qt)
]
gp1
Hh
1
H1ρ
, (A4)
M(Hh0 → S1 + ρ) = I(e∗ · ǫ∗t )gs1Hh
0
S1ρ
+ I
[
(ǫ∗ · qt)(e∗ · qt)− 1
3
(e∗ · ǫ∗t )q2t
]
gd1Hh
0
S1ρ
, (A5)
M(Hh1 → S0 + ρ) = I(e∗ · ηt)gs1Hh
1
S0ρ
+ I
[
(η · qt)(e∗ · qt)− 1
3
(e∗ · ηt)q2t
]
gd1Hh
1
S0ρ
, (A6)
M(Hh1 → S1 + ρ) = Iǫηǫ
∗e∗vgs1Hh
1
S1ρ
+ I
[
ǫηǫ
∗qv(e∗ · qt)− 1
3
ǫηǫ
∗e∗vq2t
]
gd1Hh
1
S1ρ
, (A7)
M(Mh1 → H0 + ρ) = Iǫηe
∗qvgp1
Mh
1
H0ρ
, (A8)
M(Mh1 → H1 + ρ) = Ii [(η · e∗t )(ǫ∗ · qt)− (η · qt)(ǫ∗ · e∗t )] gp1Mh
1
H1ρ
+Ii
[
(η · e∗t )(ǫ∗ · qt) + (η · qt)(ǫ∗ · e∗t )−
2
3
(η · ǫ∗t )(e∗ · qt)
]
gp2
Mh
1
H1ρ
+Ii
{
(η · qt)(ǫ∗ · qt)(e∗ · qt)− q
2
t
5
[(η · ǫ∗t )(e∗ · qt) + (η · e∗t )(ǫ∗ · qt) + (η · qt)(ǫ∗ · e∗t )]
}
gf2
Mh
1
H1ρ
,
(A9)
M(Mh2 → H0 + ρ) = 2Iiηα1α2
[
e∗α1t q
α2
t −
1
3
gα1α2t (e
∗ · qt)
]
gp2
Mh
2
H0ρ
+Iiηα1α2
{
qα1t q
α2
t (e
∗ · qt)− q
2
t
5
[gα1α2t (e
∗ · qt) + 2e∗α1t qα2t ]
}
gf2
Mh
2
H0ρ
, (A10)
M(Mh2 → H1 + ρ) = 2Iηα1α2
[
−εα1e∗qvǫ∗α2t +
1
3
gα1α2t ε
ǫ∗e∗qv
]
gp1
Mh
2
H1ρ
+2Iηα1α2
[
εα1ǫ
∗e∗vqα2t + ε
α1ǫ
∗qve∗α2t
]
gp2
Mh
2
H1ρ
+2Iηα1α2
{
εα1ǫ
∗qvqα2t (e
∗ · qt)− q
2
t
5
[
εα1ǫ
∗qve∗α2t + ε
α1ǫ
∗e∗vqα2t
]}
gf2
Mh
2
H1ρ
, (A11)
M(Mh1 → S0 + ρ) = Ii(η · e∗t )gs1Mh
1
S0ρ
+ Ii
[
(η · qt)(e∗ · qt)− 1
3
(η · e∗t )q2t
]
gd1Mh
1
S0ρ
, (A12)
M(Mh1 → S1 + ρ) = Iǫηǫ
∗e∗vgs1Mh
1
S1ρ
+ I
[
ǫηǫ
∗qv(e∗ · qt)− 1
3
ǫηǫ
∗e∗vq2t
]
gd1Mh
1
S1ρ
+I
[
ǫηe
∗qv(ǫ∗ · qt) + ǫǫ
∗e∗qv(η · qt)
]
gd2Mh
1
S1ρ
, (A13)
M(Mh2 → S0 + ρ) = 2Iηα1α2ǫα1e
∗qvqα2t g
d2
Mh
2
S0ρ
, (A14)
11
M(Mh2 → S1 + ρ) = 2Iiηα1α2
[
ǫ∗α1t e
∗α2
t −
1
3
gα1α2t (ǫ
∗ · e∗t )
]
gs1Mh
2
S1ρ
+2Iiηα1α2
{[
ǫ∗α1t q
α2
t −
1
3
gα1α2t (ǫ
∗ · qt)
]
(e∗ · qt)− q
2
t
3
[
ǫ∗α1t e
∗α2
t −
1
3
gα1α2t (ǫ
∗ · e∗t )
]}
gd1Mh
2
S1ρ
+2Iiηα1α2
{
2 [e∗α1t q
α2
t (ǫ
∗ · qt)− qα1t qα2t (ǫ∗ · e∗t )]
+ [ǫ∗α1t q
α2
t − gα1α2t (ǫ∗ · qt)] (e∗ · qt)− [ǫ∗α1t e∗α2t − gα1α2t (ǫ∗ · e∗t )] q2t
}
gd2Mh
2
S1ρ
, (A15)
M(Sh0 → S0 + ρ) = I(e∗ · qt)gp0Sh
0
S0ρ
, (A16)
M(Sh0 → S1 + ρ) = Iǫǫ
∗e∗qvgp1
Sh
0
S1ρ
, (A17)
M(Sh1 → S0 + ρ) = Iǫηe
∗qvgp1
Sh
1
S0ρ
, (A18)
M(Sh1 → S1 + ρ) = I(e∗ · qt)(ǫ∗ · ηt)gp0Sh
1
S1ρ
+ I
[
(e∗ · ηt)(ǫ∗ · qt)− (e∗ · ǫ∗t )(η · qt)
]
gp1
Sh
1
S1ρ
, (A19)
M(Sh0 → H1 + ρ) = I(e∗ · ǫ∗t )gs1Sh
0
H1ρ
+ I
[
(ǫ∗ · qt)(e∗ · qt)− 1
3
(e∗ · ǫ∗t )q2t
]
gd1Sh
0
H1ρ
, (A20)
M(Sh1 → H0 + ρ) = I(e∗ · ηt)gs1Sh
1
H0ρ
+ I
[
(η · qt)(e∗ · qt)− 1
3
(e∗ · ηt)q2t
]
gd1Sh
1
H0ρ
, (A21)
M(Sh1 → H1 + ρ) = Iǫηǫ
∗e∗vgs1Sh
1
H1ρ
+ I
[
ǫηǫ
∗qv(e∗ · qt)− 1
3
ǫηǫ
∗e∗vq2t
]
gd1Sh
1
H1ρ
, (A22)
M(T h1 → H0 + ρ) = I(e∗ · ηt)gs1Th
1
H0ρ
+ I
[
(η · qt)(e∗ · qt)− 1
3
(e∗ · ηt)q2t
]
gd1Th
1
H0ρ
, (A23)
M(T h1 → H1 + ρ) = Iǫηǫ
∗e∗vgs1Th
1
H1ρ
+ I
[
ǫηǫ
∗qv(e∗ · qt)− 1
3
ǫηǫ
∗e∗vq2t
]
gd1Th
1
H1ρ
+I
[
ǫηeqv(qt · ǫ∗) + ǫǫ
∗eqv(qt · η)
]
gd2Th
1
H1ρ
, (A24)
M(T h1 → S0 + ρ) = Iǫηe
∗qvgp1
Th
1
S0ρ
, (A25)
M(T h1 → S1 + ρ) = I
[
(e∗ · ηt)(ǫ∗ · qt)− (e∗ · ǫ∗t )(η · qt)
]
gp1
Th
1
S1ρ
+I
[
(e∗t · η)(qt · ǫ∗) + (qt · η)(e∗t · ǫ∗)−
2
3
(e∗t · η)(e∗ · qt)
]
gp2
Th
1
S1ρ
+I
{
(qt · η)(qt · ǫ∗)(e∗ · qt)
−q
2
t
5
[
(ηt · ǫ∗)(e∗ · qt) + (e∗t · η)(qt · ǫ∗) + (qt · η)(e∗t · ǫ∗)
]}
gf2
Th
1
S1ρ
, (A26)
M(T h2 → H0 + ρ) = Iηα1α2(ǫα1e
∗qvqα2t + ǫ
α2e
∗qvqα1t )g
d2
Th
2
H0ρ
, (A27)
M(T h2 → H1 + ρ) = Iηα1α2
[
ǫ∗α1e∗α2t + ǫ
∗α2e∗α1t −
2
3
gα1α2t (e
∗
t · ǫ∗)
]
gs1Th
2
H1ρ
+Iηα1α2
{[
ǫ∗α1qα2t + ǫ
∗α2qα1t −
2
3
gα1α2t (qt · ǫ∗)
]
(e∗ · qt)
−1
3
[
ǫ∗α1e∗α2t + ǫ
∗α2e∗α1t −
2
3
gα1α2t (e
∗
t · ǫ∗)
]
q2t
}
gd1Th
2
H1ρ
+Iηα1α2
{
2
[
e∗α1t q
α2
t (qt · ǫ∗) + qα1t e∗α2t (qt · ǫ∗)− 2qα1t qα2t (e∗t · ǫ∗)
]
+
[
ǫ∗α1t q
α2
t + ǫ
∗α2
t q
α1
t − 2gα1α2t (qt · ǫ∗)
]
(e∗ · qt)
−
[
ǫ∗α1t e
∗α2
t + ǫ
∗α2
t e
∗α1
t − 2gα1α2t (e∗t · ǫ∗)
]
q2t
}
gd2Th
2
H1ρ
, (A28)
M(T h2 → S0 + ρ) = Iηα1α2
[
e∗α1t q
α2
t + q
α1
t e
∗α2
t −
2
3
gα1α2t (e
∗ · qt)
]
gp2
Th
2
S0ρ
+Iηα1α2
{
qα1t q
α2
t (e
∗ · qt)− q
2
t
5
[
gα1α2t (e
∗ · qt) + e∗α1t qα2t + qα1t e∗α2t
]}
gf2
Th
2
S0ρ
, (A29)
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M(T h2 → S1 + ρ) = Iηα1α2
[
− ǫα1e∗qvǫ∗α2t − ǫα2e
∗qvǫ∗α1t +
2
3
gα1α2t ǫ
ǫ∗e∗qv
]
gp1
Th
2
S1ρ
+Iηα1α2
[
ǫα1ǫ
∗e∗vqα2t + ǫ
α2ǫ
∗e∗vqα1t + ǫ
α1ǫ
∗qveα2t + ǫ
α2ǫ
∗qve∗α1t
]
gp2
Th
2
S1ρ
+Iηα1α2
{
ǫα1ǫ
∗qvqα2t (e
∗ · qt) + ǫα2ǫ
∗qvqα1t (e
∗ · qt)
−q
2
t
5
[
ǫα1ǫ
∗qve∗α2t + ǫ
α2ǫ
∗qve∗α1t + ǫ
α1ǫ
∗e∗vqα2t + ǫ
α2ǫ
∗e∗vqα1t
]}
gf2
Th
2
S1ρ
. (A30)
Appendix B: The definitions of the ρ meson light-cone distribution amplitudes
The definitions of the distribution amplitudes of the ρ meson used in the text read as [12, 15]
〈0|u¯(z)γµd(−z)|ρ−(P, λ)〉 = fρmρ
[
pµ
e(λ) · z
p · z
∫ 1
0
du eiξp·zϕ‖(u, µ
2) + e
(λ)
⊥µ
∫ 1
0
du eiξp·zg
(v)
⊥ (u, µ
2)
−1
2
zµ
e(λ) · z
(p · z)2m
2
ρ
∫ 1
0
du eiξp·zg3(u, µ
2)
]
,
〈0|u¯(z)γµγ5d(−z)|ρ−(P, λ)〉 = 1
2
fρmρε
ναβ
µ e
(λ)
⊥νpαzβ
∫ 1
0
du eiξp·zg
(a)
⊥ (u, µ
2) ,
〈0|u¯(z)σµνd(−z)|ρ−(P, λ)〉 = ifTρ
[
(e
(λ)
⊥µpν − e(λ)⊥νpµ)
∫ 1
0
du eiξp·zϕ⊥(u, µ
2)
+(pµzν − pνzµ) e
(λ) · z
(p · z)2m
2
ρ
∫ 1
0
du eiξp·zh
(t)
‖ (u, µ
2)
+
1
2
(e
(λ)
⊥µzν − e(λ)⊥νzµ)
m2ρ
p · z
∫ 1
0
du eiξp·zh3(u, µ
2)
]
,
〈0|u¯(z)d(−z)|ρ−(P, λ)〉 = −ifTρ (e(λ)z)m2ρ
∫ 1
0
du eiξp·zh
(s)
‖ (u, µ
2) . (B1)
The distribution amplitude ϕ‖ and ϕ⊥ are of twist-2, g
(v)
⊥ , g
(a)
⊥ , h
(s)
‖ and h
(t)
‖ are twist-3 and g3, h3 are twist-4. All
functions φ = {ϕ‖, ϕ⊥, g(v)⊥ , g(a)⊥ , h(s)‖ , h
(t)
‖ , g3, h3} are normalized to satisfy
∫ 1
0 du φ(u) = 1.
The 3-particle distribution amplitudes of the ρ meson are defined as [12, 15]
〈0|u¯(z)gG˜µνγαγ5d(−z)|ρ−(P, λ)〉 = fρmρpα[pνe(λ)⊥µ − pµe(λ)⊥ν ]A(v, pz)
+ fρm
3
ρ
e(λ) · z
pz
[pµg
⊥
αν − pνg⊥αµ]Φ˜(v, pz)
+ fρm
3
ρ
e(λ) · z
(pz)2
pα[pµzν − pνzµ]Ψ˜(v, pz) ,
〈0|u¯(z)gGµνiγαd(−z)|ρ−(P )〉 = fρmρpα[pνe(λ)⊥µ − pµe(λ)⊥νV(v, pz)
+ fρm
3
ρ
e(λ) · z
pz
[pµg
⊥
αν − pνg⊥αµ]Φ(v, pz)
+ fρm
3
ρ
e(λ) · z
(pz)2
pα[pµzν − pνzµ]Ψ(v, pz) ,
〈0|u¯(z)σαβgGµν(vz)d(−z)|ρ−(P, λ)〉 = fTρ m3ρ
e(λ) · z
2(p · z) [pαpµg
⊥
βν − pβpµg⊥αν − pαpνg⊥βµ + pβpνg⊥αµ]T (v, pz)
+fTρ m
2
ρ[pαe
(λ)
⊥µg
⊥
βν − pβe(λ)⊥µg⊥αν − pαe(λ)⊥νg⊥βµ + pβe(λ)⊥νg⊥αµ]T (4)1 (v, pz)
+fTρ m
2
ρ[pµe
(λ)
⊥αg
⊥
βν − pµe(λ)⊥βg⊥αν − pνe(λ)⊥αg⊥βµ + pνe(λ)⊥βg⊥αµ]T (4)2 (v, pz)
+
fTρ m
2
ρ
pz
[pαpµe
(λ)
⊥βzν − pβpµe(λ)⊥αzν − pαpνe(λ)⊥βzµ + pβpνe(λ)⊥αzµ]T (4)3 (v, pz)
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+
fTρ m
2
ρ
pz
[pαpµe
(λ)
⊥νzβ − pβpµe(λ)⊥νzα − pαpνe(λ)⊥µzβ + pβpνe(λ)⊥µzα]T (4)4 (v, pz) ,
〈0|u¯(z)gGµν(vz)d(−z)|ρ−(P, λ)〉 = ifTρ m2ρ[e(λ)⊥µpν − e(λ)⊥νpµ]S(v, pz) ,
〈0|u¯(z)igG˜µν(vz)γ5d(−z)|ρ−(P, λ)〉 = ifTρ m2ρ[e(λ)⊥µpν − e(λ)⊥νpµ]S˜(v, pz) . (B2)
The distribution amplitudes A, V and T are of twist-3 and the other 3-particle distribution amplitudes are of twist-4.
